Recently, it has been demonstrated that a rare flavonoid, 5,7-dihydroxy-6,8,4ʹ-trimethoxyflavonol (1), isolated from the leaves of Rubus rosifolius showed significant antiproliferative activity against different cancer cell lines and had a diuretic effect. This study aimed to determine the best extraction method evaluating dynamic maceration extraction (DME), ultrasonic assisted extraction (UAE), and microwave assisted extraction (MAE). In addition, level optimization for different factors was focused using Design of Experiments. The flavonoid content was estimated by high performance liquid chromatography (HPLC). The results indicated that UAE provided the highest content with the shortest extraction time. For optimization, response surface methodology (RSM) was used, applying a Box-Behnken Design (BBD) with three factors at three levels. It was possible to observe that the flavonoid content significantly increased with the increase of temperature (max. 70ºC). The time had little influence on the extraction and, for this reason, was set at 25 min. With regard to the drug/solvent ratio, it was observed that this had an impact on yield with a ratio of 3.5%. A model was built and a determination coefficient of 0.98 was obtained. After validation, an optimized method was developed, able to extract 1 with a lower time, lower solvent consumption, and affording higher contents.
The extraction of bioactive compounds from natural sources represents an important research area for the pharmaceutical and chemical industries [1] . Several extraction processes, including conventional and non-conventional methods, are used to extract flavonoids, mainly from higher plants [2] . These processes aim at the withdrawal of the active principles of the plant by means of a solvent, using maceration, infusion, decoction, digestion, and percolation as classical methodologies [3] . However, these are highly time and solvent-consuming approaches, also leading to low extraction yields [4] . In addition, there are many variables that influence the extraction content, such as particle size, nature and concentration of the solvent, temperature, time, and pH [5] .
Rubus rosifolius Sm. (family Rosaceae) is known as "red mulberry". Its fruits are widely consumed as food. Some Rubus species are used in folk medicine to treat different diseases, particularly diabetes [6] [7] [8] . Phytochemical and pharmacological studies have shown that some Rubus species exert gastroprotective, antimicrobial and cytotoxic effects; no genotoxic effect was observed [9] [10] [11] [12] [13] [14] . In our previous studies, we demonstrated the presence of terpenoids, which exhibited important antibacterial and antinociceptive activities [15] . Recently, we isolated 5,7-dihydroxy-6,8,4ʹ-trimethoxyflavonol (1) (Figure 1 ), with significant antiproliferative activity against several cancer cells with low total growing inhibitory concentrations [16] . With this in mind, the present work aimed to determine the best extraction technique using dynamic maceration extraction (DME), ultrasonic assisted extraction (UAE), and microwave assisted extraction (MAE) in order to optimize the yield of this active compound.
Initially an analysis of the yield of extracts was performed; MAE yielded 4.2%, UAE 5.2% and DME 4.7%. There was no statistical difference between the amount of extract obtained by UAE and DME. On the other hand, a statistical difference between UAE and MAE was detected. The bioactive 5,7-dihydroxy-6,8,4ʹ-trimethoxyflavonol (1) eluted at 34.7 min. UAE gave the best yield, with an area value of 251892 AU when compared directly by peak area with the standard sample ( Table 1) . Deng et al. [17] also observed that UAE promoted the highest extraction yield of phenolic compounds from olives, consuming less solvent, taking less time, and at a lower temperature than maceration. In this sense, UAE becomes an effective method for extracting bioactive compounds, which corroborates our results. The highest yield for UAE can be attributed to the effects of acoustical cavitation produced by the solvent. The ultrasonic wave also exerts a mechanical effect, allowing a higher penetration of the solvent inside the plant matrix, which increases the contact surface between the solid and liquid phases and stimulates the solute to diffuse from the solid phase to the solvent [18] [19] [20] [21] . In another study, Blicharski et al. [22] also evaluated the efficiency of UAE in the extraction of bioactive compounds from cereals enriched with Matricaria chamomilla compared with accelerated solvent extraction. The highest yields for most of the compounds analyzed were detected at the highest temperature (60°C) using the UAE method, without degradation of polyphenols. 
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The influence of different factors on the UAE method for the extraction of 1 was evaluated by Box-Behnken Designs (BBD), resulting in 15 experiments, using the peak area of 1 as response (Table 3 ). The results in Table 2 show the main interaction effects, coefficients of the model, standard deviation of each coefficient, and probability for the BBD. The significance of the regression coefficients was determined by applying Student's t-test. The model presented square correlation coefficient (R 2 ) and adjusted square correlation coefficient R 2 (adj) of 94.2 and 83.5 % respectively, fitting the statistical model quite well. The experimental data were used to calculate the coefficients of the second-order polynomial equation. In this way, the peak area could be expressed using equation 1, which is an empirical model that describes the relationship between the independent variables and is widely accepted in research on optimization processes [23] . Where: T= temperature; d/s = drug/solvent ratio.
The P values are used as a tool to verify the meaning of each coefficient, indicating the pattern of interactions between the independent variables [24] . If the value of P is below 0.05, then the model is significant at the 95% confidence interval [25] . In this respect, ANOVA and the Pareto graph ( Figure 2 ) showed that the temperature and the drug/solvent ratio presented significant P values of 0.024 and 0.017, respectively, demonstrating that these two parameters significantly influenced the UAE. In addition, Figure 3 shows that there is a good correlation between the predicted and actual responses, with an R² value of 0.98, showing the fitness of the suggested model. The response surface plots are presented in Figures 4A-C. As can be observed, the peak area increased significantly with increasing temperature, since the highest content was obtained at the highest temperature ( Figure 4A and B) . This result is in agreement with those reported by Klein Junior et al. [26] , which pointed out that the collapse of the bubbles created by the ultrasonic waves in the surface of the vegetal material significantly increased the temperature, creating tiny regions of high temperature and pressure, facilitating solvent penetration and increased mass transfer. On the other hand, the content decreased as time was increased, with the highest yields at 30 minutes ( Figure 4A and C). However, this influence was not significant. Likewise, the drug/solvent ratio also influenced the content of 1, since a higher drug/solvent ratio led to higher content ( Figure 4B and C).
Finally, the equation was validated by performing a new experiment under the optimal conditions established at 70°C for 25 min and a drug/solvent ratio of 3.5%. The practical peak area found was slightly higher than that predicted by the equation with area values of 347321 versus 328268 Au, respectively. This difference of approximately 5% between the predicted and experimentally observed values are perfectly acceptable and confirm the validity of the optimized model.
In conclusion, the extraction of 5,7-dihydroxy-6,8,4ʹ-trimethoxyflavonol using the UAE technique proved to be a very simple, fast and efficient process. The results showed that temperature and drug/solvent ratio had significant effects on the content of flavonoid extracted. In the validation, it was possible to observe a small difference between the theoretical and experimental value, which did not impair the extraction conditions, proving to be efficient for the extraction of 5,7-dihydroxy-6,8,4ʹ-trimethoxyflavonol from the leaves of R. rosifolius, when compared with dynamic maceration and microwave assisted extraction. 
Preparation of extracts:
The leaves (160 g) of R. rosifolius were dried with controlled humidity and temperature (40ºC) for 7 days and separated to between 35 and 48 mesh. Initially, 3 simultaneous extractive techniques were performed to verify which would be capable of extracting compound 1 in highest yield. Dynamic maceration extraction (DME) was carried out in a closed conical flask of 125 mL. A powdered sample (1 g) was extracted with 20 mL of dichloromethane with stirring for 3 h, at 25°C [27] ; Microwave assisted extraction (MAE) was performed using a microwave CEM Discover® apparatus (CEM Corporation, San Diego, CA). One g in 20 mL of dichloromethane was irradiated for 5 min at a maximum temperature of 80ºC and 200 W output. Ultrasonic assisted extraction (UAE) was performed using an Ultrasonic apparatus USC5000 (Unique equipamentos Indaiatuba/SP). One g in 20 mL of dichloromethane was sonicated at 50/60Hz and 160 W for 30 min. at 40ºC [17] . Initially all extractions were performed in triplicate, using the same drug/solvent ratio (1:20 w/v dichloromethane). The extracts were filtered and the solvent evaporated under reduced pressure at 50 ± 2°C to dryness and kept in desiccator under silica until use. Table 3 . Determination of the main effects and interactions between the factors was performed and adjusted to a polynomial model of second degree and the regression coefficients obtained according to equation 2, where y is the dependent variable; β 0 is the constant term; k number of variables; βi represents the coefficients of linear parameters; βii represents the coefficients of quadratic terms; and βij represents the coefficients of interaction parameters [28] . The quality of the model was expressed by the coefficient of determination (R²) and the significant terms in the equation were defined as the value of P.
.
Chromatographic conditions:
Analysis of the flavonoid contents was performed by HPLC using a previous method with minor modifications [29] . The peak areas of the active compound in each extract were directly compared with that of an authentic standard previously isolated in our laboratories. The analysis were performed using a Shimadzu LC20 chromatograph with photodiode detector, using a Phenomenex C18 column (250 mm x 4.6 mm, 5μm). The mobile phase consisted of acidified water pH 2.5 (A) and acetonitrile (B). Chromatographic separation was performed at 35°C in gradient mode starting with 8% (B), increasing to 50% in 5 min, 90% in 25 min, 8% in 30 min, and stabilizing by 30 min., with a flow rate of 0.8 mL/min. Sample detection was performed at 350 nm and 10 μL of a methanolic solution at 2 mg/mL was injected. All samples were filtered using 0.4 μm membrane filters prior to injection.
Statistical analysis:
The data are reported as mean ± standard error of the mean (SEM) and compared using one-way analysis of variance (ANOVA), followed by the t-test, with p values < 0.05 considered significant.
